The conversion of endogenous or exogenous murine retroviruses to a leukemogenic phenotype involves recombination with retroviral sequences present in host genomic DNA. In the 129 Gix+ inbred strain, these endogenous sequences are replication defective but still express retroviral proteins under the apparent transcriptional control of the Gv-1 regulatory locus. To study the protein-coding potential of Gv-1-regulated endogenous retroviral loci, we used oligonucleotide probes directed to env deletion breakpoints identified in previously characterized cDNA clones. Four endogenous retroviral loci were isolated from a library of 129 Gi.+ genomic DNA with these probes. Three loci cloned with the env deletion probe del env-1 had virtually identical proviral inserts by restriction analysis. A unique locus was identified and cloned with the del env-2 probe, which must therefore represent a Gv-1-responsive element. Restriction enzyme and nucleotide sequence analyses indicated that the del env-1 and del env-2 loci represented members of the polytropic and modified polytropic classes of endogenous retrovirus, respectively. Despite this divergence, members of both classes contained identical deletions of 19 nucleotides within p309g9 and of 1,474 nucleotides from plO9ag into the reverse transcriptase-coding region of pol, suggesting that a recombination event had occurred between these proviral sequences prior to insertion within the genome. The del env-1 and del env-2 loci retained coding capacity for truncated gag polyproteins, confirmed by in vitro translation and immunoprecipitation of the protein products. Nucleotide sequence comparison of the untranslated leader (L) regions of the del env-l and del env-2 loci to a replication-competent ecotropic virus indicated regions that might be important to dispersion of these endogenous retroviral elements throughout the host genome.
Replication-defective type C retrovirus sequences present in the mouse genome recombine with infectious ecotropic viruses to produce leukemogenic, polytropic recombinant viruses (9, 15, 17, 22, 25) . Significantly, these recombinant viruses have exchanged sequence largely including the gp7O coding region of the env gene, which is thought to define retroviral tropism through either attachment and/or uptake of virus particles. The ecotropic viruses infect only mouse cells, while the recombinant polytropic viruses infect cells of both mouse and other species, and xenotropic viruses infect only non-mouse cells. The 30 to 50 endogenous retrovirus loci in any given inbred mouse strain consist of only a few or no ecotropic loci (21) and a variable number (5 to 20 of each) of loci bearing xenotropic (39, 42) , polytropic, or modified polytropic env sequences (54) . The modified polytropic class contains 18 amino acid changes and a nine-codon deletion within the env coding region relative to the polytropic class, without losing the capacity to contribute functional env sequence to infectious virus (53) . The gp7O-coding 5' env sequences from a polytropic or modified polytropic locus are thought to contribute one obligate phenotype in the leukemogenic conversion process; the plSE-coding 3' env and adjoining U3 long terminal repeat (LTR) sequences from a xenotropic locus contribute the second (9, 10, 15, 22, 24, 42) . Of the many polytropic and modified polytropic loci present in the genome of an inbred strain, not all will be capable of providing the specific env sequences necessary for successful phenotype conversion of a replicating ecotropic virus. In addition to point mutations and short deletions leading to a shift in or loss of the translational reading frame (53) , loci and transcripts have been characterized that are deleted for the majority of the env coding region (25, 28, 32) . Recombinations involving the env region are easily detected antigenically by changes in the gp7O envelope protein in the leukemogenic conversion process, but endogenous loci deleted for env sequences may act as recombination partners in other regions of the retroviral genome. A Moloney murine leukemia virus (MoMuLV) mutant, normally NB-tropic but expressing a truncated 45-kilodalton (kDa) gag product and containing a 1-kilobase (kb) deletion, was rescued from the JLS-V11-NP cell line as an N-tropic, large XC plaque recombinant, presumably by recombination within gag with the endogenous BALB/c XC-negative, N-tropic retrovirus (5) . MoMuLV mutants deleted within either the 3' end of the LTR (12) or the reverse transcriptase-coding region of pol (45) have been isolated as revertants from NIH 3T3 cells bearing new sequences that derive from recombination with one of several endogenous retroviral loci. The frequency of biologically significant recombination between infectious virus and endogenous loci may depend on RNA template exchange during reverse transcription (41) rather than on DNA-mediated recombination involving accessible endogenous loci in host chromatin. Since working models of leukemogenic conversion place env and U3 LTR recombinational events in the spleen and thymus (15, 23, 28) , it is possible that endogenous loci involved in the recombination process exhibit tissue-specific expression.
Gv-l-RESPONSIVE ENDOGENOUS RETROVIRAL LOCI 4137
We are interested in the regulation of transcription of these endogenous retrovirus sequences and have used the 129 Gix+ and Gi,J strains to study two control loci, Gv-J and Gv-2, that affect endogenous retrovirus expression (50) (51) (52) . Alternative alleles at these loci behave in a semidominant and dominant fashion, respectively, to regulate endogenous retrovirus transcript (30, 31) and protein (29) levels. The congenic 129 Gix-strain is homozygous for the alternative b allele at the Gv-1 locus and shows 10-to 20-fold lower levels of endogenous retrovirus expression than the Gix+ strain. To study the sequences controlled by Gv-J, we characterized cDNA clones representing transcripts from active endogenous retroviral loci in the 129 Gix+ mouse (32) . Although the murine strain 129 genome lacks replication-competent ecotropic proviral loci (21) , some of the cDNA isolates represent intact polytropic and modified polytropic env genes that could serve in other mouse strains as donors in the ecotropic-to-polytropic conversion process. Other cDNA isolates represent loci deleted for >1 kb of env sequence but are regulated coordinately with those containing full-length env genes. These env deletion breakpoints can thus be used as convenient markers for specific loci that are actively transcribed and regulated by the Gv-1 locus, as opposed to the large number of loci that conserve env sequence but are not necessarily transcriptionally active.
In the present report, oligonucleotide probes directed to two env deletion breakpoints were used to isolate proviruslike structural loci from the 129 Gix+ genome. Analysis of these loci by in vitro transcription and translation and by nucleotide sequencing reveals significant deletions of gag and pol domains that result in truncated gag protein products. Three of the isolates contain nearly identical endogenous retrovirus sequence, inserted at different loci in the host genome. In conjunction with the loss of the normal env gene splice acceptor sequence, the gag region encodes the only possible protein products for this family of env-deleted loci. These loci should prove useful in identifying features of host chromatin and endogenous retrovirus structure that result in Gv-J-regulated transcription.
MATERIALS AND METHODS
Oligonucleotide synthesis and labeling. Two nonadecamer oligonucleotides corresponding to the antisense strand of pol-env sequence breakpoints identified (32) in cDNA isolates S13 (5-GAATACAGGGTCCCTTTCCA; del env-J) and E2 (5'-TACAAACTGGACCTTTCAT; del env-2) were synthesized by the phosphoramide method on an Applied Biosystems 380-A DNA synthesizer. (The nucleotide sequence data reported in this paper for del env-J and del env-2 will appear in the EMBL, GenBank, and DDBJ Nucleotide Sequence Databases under accession numbers M26005-DL1 and M26006-DL2, respectively.) Crude oligomers were electrophoresed on a 20% acrylamide gel in 44.5 mM Trisborate-1 mM EDTA, pH 8.3 (0.5x TBE), eluted in 4 ml of 0.5 M ammonium acetate-10 mM magnesium acetate, concentrated with n-butanol to 100 ,ul and precipitated with 1 ml of absolute ethanol. Stocks (5 pmol) were used for endlabeling with [_y-32P]ATP (7, 000 Ci/mmol; Amersham Corp.) by using T4 polynucleotide kinase (New England BioLabs) as described before (35) . Labeled (corresponding to AKV virus nucleotide sequence nomenclature [20] ). Each of these deletions was apparently mediated by a mechanism that involves recognition of direct heptamer nucleotide repeats present in full-length endogenous retrovirus sequences at the deletion breakpoints. We designed oligonucleotide probes to the novel sequence juxtaposition created by these deletionc, each with a length (19 nt) that would not permit competitive hybridization to either end of the sites in nondeleted retroviral sequences. In this way the oligonucleotide probes discriminate between loci bearing these deletions and the numerous endogenous retrovirus loci present in the 129 Gix mouse genome. The selected loci would thus include those particular endogenous retrovirus sequences, responsive to Gv-J control, from which transcripts arose. We first tested the specificity of the oligonucleotides on endogenous retrovirus transcripts from 129 Gix+ tissues and compared the hybridizing species with the RNAs identified with an MoMuLV pol region probe (Fig.  1 ). The del env-J probe identified a 5.0-kb transcript in thymus and a 4.0-kb transcript in liver (Fig. 1A) , while del env-2 identified a 5.2-kb spleen transcript (Fig. 1B ). These transcripts were described previously, by size and tissue of origin, with the use of a full-length MoMuLV clone (30) and a 129 Gix+ endogenous retroviralpol-env cDNA clone (31) as probes; levels of these transcripts were shown to be reduced 10-to 20-fold in 129 Gij, mouse tissues, by Northern blot hybridization analysis and by Si nuclease protection assay. In addition to these major del env-l and del env-2-hybridizing species, transcripts of similar size were present in lesser abundance in each tissue tested. In contrast, rehybridization of the del env-2 blot to the MoMuLV pol region probe showed that retrovirus-related RNA species were present in sizes from 8.0 to 3.5 kb in these three tissues (Fig. 1C) . The del env-2 probe also detected a 1.7-kb RNA in spleen that did not cross-hybridize to the MoMuLV pol probe (Fig. 1B) , suggesting that it represents a spliced transcript that contains primarily the plSE-coding portions of the deleted env gene. Transcripts of this size and sequence specificity have been reported previously (7, 23) . There was a >1-kb discrepancy between the size of the major del env-] and del env-2 transcripts (5.2 to 5.0 kb) and the expected size (6.5 to 6.4 kb) of an unspliced endogenous retrovirus RNA containing a deletion of 1.9 to 2.0 kb. This anomaly is examined further in the genomic DNA analysis presented below.
Gv-1-RESPONSIVE ENDOGENOUS RETROVIRAL LOCI
Since the two oligonucleotides detected discrete subsets of endogenous retrovirus transcripts, we used them to probe 129 Gi1, and 129 Gix-genomic DNAs to determine the number of loci bearing these env region deletions. EcoRIdigested liver DNA from several 129 Gix+ and 129 Gix-mice was hybridized on Southern blots to the del env-l (Fig. 2B ) and del env-2 ( Fig. 2C) probes. In contrast to the selectivity of the oligonucleotide probes, hybridization of 129 Gix+ and C57BL/6 EcoRI-digested DNA with the MoMuLV pol probe identified more than 20 different fragment sizes, many of which probably represent more than one genomic locus ( Fig.  2A) . Full-length endogenous retrovirus genomes normally contain only one EcoRI site in the env region (9, 22, 25) . Proviral inserts deleted for env will therefore migrate intact on single unique EcoRI fragments defined by restriction sites in flanking host DNA. The oligonucleotide hybridizations showed that del env-J transcripts could come from any of four different loci, on 13.5-, 10.0-, 9.0-, and 8.8-kb EcoRI fragments (Fig. 2B) ; a fifth hybridizing fragment, at 8 kb, was not retained at slightly higher wash stringency (data not shown). However, del env-2 transcripts appeared to have only one source, present on an 8.9-kb EcoRI fragment (Fig.   2C ). Identical hybridization patterns by the 129 Gix+ and congenic 129 Gi,-DNAs ( Fig. 2B and C 10 .0-, and 9.0-kb fragments, respectively, identified in genomic Southern analysis (Fig. 3A) . The 3.1 locus was represented by five independent isolates, 3.2 by one isolate, and 11.1 by three isolates. None of the del env-] clones recovered represented the 8.8-kb genomic EcoRI fragment identified by the oligonucleotide probe (Fig. 2B) , although a fragment of this size would be compatible with the size requirement of the EMBL4 phage vector. The single del env-2 locus, 15.3, was represented by three distinct isolates that each gave the same 8.9-kb EcoRI insert and internal restriction map (Fig. 3A) . The three del env-J loci were essentially identical by restriction enzyme analysis within the proviral domains, yet flanking host DNA showed no similarities by the same criteria. By comparison with published endogenous type C murine retrovirus maps (25, 53) (Fig. 3B) , the del env-J and del env-2 loci lacked approximately 1.4 kb of sequence in addition to the env deletions. The distance between conserved U3 PstI sites was 4.8 and 5.0 kb for the del env-] and del env-2 clones, respectively, but sizes of 6.3 and 6.4 kb are to be expected if the proviruses lack only the env sequences. Although the transcript size from these loci appeared to be approximately 5 kb for transcripts arising in spleen and thymus, a 4-kb del env-] RNA was found in liver (Fig. 1 ). This may be transcribed from the uncloned del env-] locus on the 8.8-kb EcoRI genomic DNA fragment or from any one of the del env-1 loci expressed preferentially in the liver and containing novel transcript-processing signals. To resolve the discrepancy between expected and actual proviral insert size, EcoRI inserts bearing the three del env-J loci and one del env-2 locus were subcloned in pUC19 for further mapping and sequence analysis. Deletion of a gag-po junction region was suggested by the conservation of 5' gag XbaI and Sacl sites and a 3' pol XbaI site in subclones of all four isolates (Fig. 3) and by loss of Sacl, KpnI, and BamHI sites expected in the 5' end of the full-length endogenous pol region (25, 53 (53, 54) . The 15.3 BamHI site within env is conserved in endogenous, nonxenotropic retroviruses as a group and was presumably also present in the nondeleted precursors to the del env-J loci. Double digestion of the genomic isolates with PstI and KpnI showed that the U3 LTR regions of del env-J clones were -50 nt shorter than the del env-2 U3 regions (550-versus 600-nt PstI-KpnI fragments; data not shown). The U3 size differences are presumably due to deletions in the single-copy enhancer homolog in del env-J clones relative to the del env-2 clone, similar to those reported previously in cDNA sequence analysis (31, 33) . Therefore, these isolates share identical gag-pol deletions yet are significantly divergent in LTR and env sequences, suggesting independent but equivalent deletion events in the two, or an ongoing genetic exchange as defective proviruses.
Truncation of gag ORF yields products of 32 and 34 kDa. sponding to nt 3701 to 3703 of the AKV virus sequence. To test these defective loci for their gag region coding potential, KpnI fragments of 4.8 (del env-J) and 4.9 (del env-2) kb, extending from the 5' U5 LTR to the equivalent restriction site in the 3' LTR, were subcloned in a vector which allows SP6 RNA polymerase transcription of inserted sequences. Transcripts from each reaction were capped with 7mGppp in vitro and translated in a rabbit reticulocyte lysate in the presence of radiolabeled methionine. Transcripts from 3.1, 3.2, and 11.1 directed translation of a 34-kDa protein, and transcripts from 15.3 directed translation of a 32-kDa protein (Fig. 4A ). If these proteins originated at the equivalent ATG utilized by AKV virus, their apparent molecular mass on SDS-polyacrylamide gel electrophoresis suggests products that extend halfway through the p30 region of gag, since they are half the size expected if terminated in pol as described above. The translation products from 3.1 and 15.3 were immunoprecipitated with individual p15, p12, and p30 Rauscher gag protein antisera to determine whether the 34-and 32-kDa products indeed represented the expected coding region (Fig. 4B) . These antisera showed that the 34-and 32-kDa products contained p15 and p12 determinants (32-kDa protein reactivity with p12 antiserum was observed after a longer exposure of the autoradiogram shown in Fig.  4B ). In contrast, only the del env-] locus 3.1 product conserved minor antigenic reactivity with the Rauscher p30 antiserum. An MCF 247 gag p65 translation product demonstrated uniform recovery with each antiserum in parallel.
Thus, the del env-J and del env-2 transcripts encode similar, but not identical, truncated gag protein products that are less than 280 residues long, whereas the gag-pol deletion they share predicts products -520 amino acids in length. Virus-negative NIH Swiss mice express p12 and p30 liver antigens that cross-react with anti-AKR MuLV and antiRauscher MuLV sera but are distinct from the homologous viral antigens (48, 49) . BALB/c and 129/J tissues contain p30
but not p12 reactivity to anti-AKR virus sera (36) . Based on the abundance of transcripts from the del env-J and del env-2 loci in 129 Gix+ mouse tissues ( Fig. 1) (30) and the ability of SP6-derived transcripts of the cloned loci to direct translation of products reactive with Rauscher gag protein antisera, we suspect that the del env-J and del env-2 loci are responsible for a portion of the gag antigen observed in 129 Gi,+ tissues. We were interested in the possibility that even full-length endogenous proviruses might contain similar cryptic gag region termination signals. To test this, we compared the 3.1 and MCF 247 cell-free products with the product from MX27, a polytropic provirus clone from HRS/J mice that is apparently intact, by restriction enzyme mapping (53) . This comparison (Fig. 4C) showed that MX27 encoded a polypeptide of 63 kDa, only slightly smaller than the product from the infectious MCF 247 clone. Although this suggests that the MX27 gag region does contain a premature termination signal or an in-frame deletion relative to MCF 247, it also demonstrates that gag products of 32 to 34 kDa are not a common feature of all endogenous polytropic and modified polytropic proviruses.
Nucleotide sequence confirms structure of gag polypeptides. To identify the ORFs resulting in the observed gag protein products from the del env-J and del env-2 clones, we determined 5' gag nucleotide sequences for 3.1 and 15.3.
Since the 5' leader (L) region of gag has been reported for only one other endogenous murine polytropic provirus, AL10 (40) , the L regions were included in the 3.1 and 15.3 analyses. Figure 5 shows these data, beginning with the R region of the 5' LTR and extending 1, 435 I Divergence (Div) calculated as number of gaps introduced to create alignment plus number of nonidentical nucleotides divided by total nucleotide length, expressed as percent. Conservation (Cons) calculated as number of identical nucleotides divided by total nucleotide length, expressed as percent.
identical 19-nt deletions in the 5' end of the p30-coding region, between nt 1369 and nt 1389 of the aligned sequences in Fig. 5 and corresponding to nucleotides 1341 through 1359 of AKV virus. This deletion occurred 20 codons into the p30 coding region, and the frameshift resulted in a 10-codon extension of the 3.1 reading frame before termination. The 15.3 clone contained a single-base-pair deletion upstream within the p12-coding sequence at nt 1236 (Fig. 5) ; the resulting frameshift encoded 44 amino acids in an alternate ORF that terminated at the 19-nt deletion within p30. Besides single-nucleotide substitutions relative to the AKV virus sequence, there were also a 21-nt deletion between nt 798 and nt 820 in the 15.3 sequence and a 3-nt deletion at nt 1179 to 1183 in both the 3.1 and 15.3 sequences. These had a neutral effect on the gag ORF but served to reduce the relative size of the 15.3 product.
These sequence analyses explain both the mass differences of the 3.1 and 15.3 gag products (Fig. 4A ) and the Rauschcer anti-gag protein antiserum reactivities of these products (Fig. 4B) . The 3.1 and 15.3 products should have respective masses of approximately 29.8 and 27.2 kDa, by the derived amino acid sequence shown in Fig. 5 . As represented by clone 3.1, the del env-J family conserved gag protein-coding capacity relative to 15.3 by virtue of the single-nucleotide deletion of the del env-2 clone at nt 1236 in the p12-coding region. Table 1 than 80% of the p15-coding sequence relative to AKV virus and equivalent loss of conservation (77 and 73%, respectively) through the p12-and p30-coding sequences. In the same regions, 3.1 and 15.3 maintained greater than 90% sequence identity to each other. This relatedness is consistent with other data on ecotropic-polytropic divergence (54) and emphasizes the significance of the deletion at nt 1236 to coding potential in the del env-2 clone 15.3.
PBS and 3' leader region are not conserved. The R and U5 regions of the 3.1 and 15.3 5' LTRs showed relatively strong (-90%) conservation of sequence compared with AKV virus (Table 1) , whereas the untranslated leader (L) sequences within gag showed greater than 20% divergence compared with AKV virus. This divergence was seen first in the presumed tRNA primer-binding site (PBS) for initiation of minus-strand reverse transcription, nt 147 to 164 in Fig. 5 , in which 3.1 showed 6 bp changes and 15.3 showed 5 bp changes relative to AKV virus. In murine type C retroviruses in general, the PBS conserves complementarity to proline tRNA (12) . However, the PBS sequence of the present 15.3 clone, of a replication-competent revertant of an MoMuLV deletion mutant recovered from NIH 3T3 cells (12) , and of the AL10 endogenous polytropic clone reported previously (40) and shown in Fig. 5 all contained a 17 of 18 nt match to the 3' terminus of a rat glutamine tRNA. Clone 3.1 diverged from complementarity to this tRNA primer at 3 of 18 nt, in addition to its divergence from AKV virus sequences, suggesting that it cannot bind to either primer. We examined the PBS sequences of del env-] clones 3.2 and 11.1 to determine whether these clones share this divergent sequence with 3.1. The results of this comparison are shown in Fig. 6 . The 3.2 and 11.1 isolates showed perfect complementarity to the glutamine tRNA and were identical to the PBS of an endogenous retrovirus isolate from an RFM/Un strain mouse (38) (32) . These transcriptprocessing signals may be recognized in vivo, as suggested by the 1.7-kb del env-2-specific transcript present in spleens of 129 Gix+ mice (Fig. 2B ).
The splice donor sequence was contained in a part of the L region that extends from the 3' end of the PBS at nt 165 to nt 420 (Fig. 5) , which is generally conserved (-87%, 
DISCUSSION
We anticipated that design of oligonucleotide probes for two cDNA-encoded endogenous retroviral env region deletions would result in isolation of two distinct, Gv-J-regulated proviral loci from the 129 Gix+ host genome. In fact, the del env-J probe identified a family of four loci, at least three of which contained essentially the same endogenous polytropic proviral sequences. In the del env-J family, at least, conservation of the LTR promoter and L region sequences seems to be adequate for helper virus-dependent replication and reinsertion in the host germ line. One recent report (18) suggests that defective retroviruses can in fact undergo intracellular transposition at measurable frequencies. The multiplicity of del env-J loci causes confusion, however, with regard to the source of Gv-J-regulated transcripts. Since different-sized del env-J RNAs were observed in thymus and liver, it seems likely that there are internal differences between these loci, in addition to the PBS alterations detected between the 3.1 locus and the 3.2 and 11.1 loci. It also seems likely that tissue-specific factors are responsible for differential expression from the loci generating 5-kb and 4-kb transcripts; whether these factors represent elements in cis, such as chromatin configuration at the proviral insertion, or in trans, such as diffusible DNAbinding proteins, is a matter for further investigation. In the case of the sole del env-2 locus in the 129 genome, there can be only one source for the 5.2-kb transcript observed in the spleen, and it therefore seems likely that this particular insertion site and the U3 LTR sequence of 15.3 are both permissive to expression in a certain population of spleen cells. It should be noted that the 3' U3 LTRs from both del env-J and del env-2 cDNAs function as promoters in an embryonal carcinoma cell line (33) . The transcription patterns seen in Fig. 1 only identify relative levels of in vivo expression, since the del env-J deletion has been found in spleen and liver cDNAs and the del env-2 deletion has been found in epididymus and liver cDNAs (31, 32; unpublished observations (53) . Besides the expected similarities in restriction site maps between the del env-J and del env-2 loci, we found that they shared identical gag-pol deletions mediated by direct heptamer repeats at the deletion breakpoints and identical gag p30 region 19 -nt deletions which interrupted the gag ORF. Since these vi-ruses are members of the polytropic and modified polytropic classes, one possibility is that these deletion events occurred independently. If so, it is also possible that the del env-] loci, appearing to originate from a single, multiply-deleted provirus, could each have arisen independently from different polytropic viruses undergoing equivalent deletion events during replication. Alternatively, the shared gag-pol deletion could have arisen from RNA template exchange between a transcript of a polytropic gag-pol-deleted, 3.1-like locus and a transcript from a progenitor of the 15.3 polytropic locus bearing only the del env-J deletion, during minus-strand reverse transcription. If minus-strand DNA transcription terminated prematurely within the pol gene of the 15.3 template and was completed on a 3.1 RNA template, plusstrand DNA synthesis would then generate a molecule with the U3 LTR sequence of the original 15.3 polytropic locus (41) . In this model, the diversification of the 3.1-like loci by retrovirus-mediated transposition and accumulation of additional mutations by the integrated recombinant 15.3 locus would then occur independently.
The analysis of the coding potential of these loci was facilitated by the use of in vitro transcription and translation, followed by immunological identification of products. The retroviral gag gene is particularly amenable to this method because transcript splicing is not required to allow recognition of the initiator AUG and complete ORF translation by the reticulocyte system. Also, the high degree of sequence conservation in this region of the type C retroviral genome permits the use of antibodies raised against Rauscher virus, encoding polypeptides of presumed ecotropic origin, to determine conservation of antigenic determinants. Loss of the env gene splice acceptor site in the del env-J family prevents the dominant mode of retroviral transcript processing, ensuring that the truncated 34-kDa molecule we describe is the major protein product from these loci. In the case of the del env-2 locus 15.3, splice donor and acceptor sites are conserved and apparently functional. This leads to significant levels of both the 5.2-kb unspliced transcript directing translation of the 32-kDa protein and the 1.7-kb transcript that probably contains only 200 nt of p1SE-coding sequence from the 3' end of the env ORF. Preliminary evidence suggests that 129 Gix+ mice do contain gag products similar to those translated in vitro. Immunoblots of protein extracted from 129 Gix+ tissues reacted with antiRauscher p12 serum to show the presence of a 30-kDa antigen in spleen and a 33-kDa antigen in thymus (M. C.
Wilson, unpublished), consistent with the size and tissuespecific expression of the respective cell-free product sizes (Fig. 5 ) and tissue-specific expression (Fig. 1) of the del env-2 and del env-J loci. We have not yet identified the coding sequence changes which result in the apparent truncation of the MX27 gag product (Fig. 4) relative to the MCF 247 product. The size difference of -4 kDa (63 versus 67 kDa) suggests that the plO ORF is interrupted, but immunological characterization will be necessary to determine whether p15, p12, and p30 determinants are present, since an insertion or deletion mutation could result in a long extension in another ORF.
There is little prior evidence of gag sequence variation and its effect on infectious retrovirus functions, and the isolates characterized here may be useful in creating recombinants with infectious ecotropic virus. It has been demonstrated that an endogenous proviral sequence bearing a PBS compatible with tRNAGIn can serve as a PBS donor in rescue of a defective MoMuLV genome (12 (57) . Conversely, the stretches of conserved sequence in the L region noted above may be adequate to ensure encapsidation of endogenous defective retroviral transcripts in the presence of replication-competent genomes.
